ABSTRACT -The study of the dynamics of a herbicide in the soil focus on the interactions with environmental components to obtain agronomic efficiency, ensuring selectivity to the culture and risk reduction of environmental impact. This study evaluated the sorption process of fomesafen in the Brazilian soils Ultisol, Cambisol, and Organosol. Besides soil, washed sand was used as an inert material for determination of the sorption ratio of fomesafen in the soil. The bioassay method was applied, using Sorghum vulgare plants as bio-indicator of herbicide presence. Plant poisoning evaluation and harvest for dry matter determination were carried out 21 days after sorghum sowing. To calculate C 50, the nonlinear log-logistic model was applied and sorption ratios of the herbicide were obtained in different soils. The decreasing sorption ratio of formesafen in the soils was: Organosol > Ultisol > Cambisol. It was concluded that the contents of organic matter and clay in the soils were the attributes that most influenced fomesafen sorption.
INTRODUCTION
Grain production stands out in Brazilian agriculture, and one of the reasons for its success is the development of weed science. The great advances in the synthesis of new molecules, highly efficient in controlling different species of weeds, enabled productivity gains in various crops, reducing costs. However, some compounds used for weed control are more persistent in the environment, causing poisoning in sensitive plants grown in succession.
One of the main herbicides used in the bean crop is fomesafen (Embrapa, 2012) , isolated or in commercial combination with fluazifop-p-butyl. It is a weak acid with a pKa value of 2.7 (sodium salt), having water solubility considered high for this class of product (50 mg L -1 at 20 °C), low vapor pressure (<10 -4 Pa at 50 °C) and Kow varies according to the pH from 2.9 (pH 1) to -1.2 (pH 7) (Oliveira Júnior & Regitano, 2009; Rodrigues & Almeida, 2011) . Fomesafen belongs to the chemical group of diphenylethers, protoporphyrinogen oxidase inhibitors, and is indicated for the control of annual dicots. On the relevance of this herbicide, one must also consider that it presents a great potential for use in sugar cane and eucalyptus -cultures rapidly expanding in Brazil.
Among the parameters that influence the behavior of a herbicide in the soil, sorption is the key process that involves transport, absorption and its bioactivity, affecting the availability to plants and even their selective action (Hermes, 1991) .
As fomesafen is still little studied in Brazilian soils, the aim of this study was to evaluate the sorption of this herbicide in three Brazilian soils with different physicochemical characteristics.
MATERIAL AND METHODS
Samples of three soils were collected at a depth of 0 to 20 cm, with no history of herbicide use, in three locations: an Ultisol in Viçosa, MG; a Cambisol in Porto Firme, MG; and an Organosol in the Municipality of Venda Nova do Imigrante, ES.
Soil samples were sieved (4 mm sieve -TFSA) and characterized for physical (Table 1) and chemical (Table 2) properties. Subsequently, all soils were fertilized at a ratio of 1 kg of P 2 O 5 per 100 L of soil.
The method used to estimate the sorption potential of the herbicide from the quantification of fomesafen residues in the soil was bioassay. The species used was sorghum (Sorghum vulgare), cultivar BRS655. In tests conducted previously, we determined a higher sensitivity to fomesafen by sorghum plants, compared to the corn plants in increasing doses of the herbicide.
The soils and sand were used as substrates. The sand was preincubated for 72 hours with hydrochloric acid, for removal of organic matter contained in it, washed with water and next incubated with sodium hydroxide for 24 hours in order to raise the pH of the substrate. Then, it was again washed with water until the pH stabilized at 6.5.
After seeding five sorghum seeds in pots of 250 cm³ of substrate, we applied increasing doses of fomesafen, a FLEX of active ingredient in pre-emergence (Table 3 ). The containers were internally coated with polyethylene plastic bags, to prevent loss of the herbicide by leaching. The soil was maintained with moisture near field capacity during the experimental period. For this, we used the gravimetric method, replenishing water daily, as needed. On the eighth day after the application, we performed the roughing, leaving two plants per pot, and applied additional fertilizers with solution of 30 mL L -1 Sorption of fomesafen in brazilian soils in water with the fertilizer Nutri Verde ® . The experiment was conducted in a randomized block design with four replications.
At 21 days after seeding (DAS), intoxication evaluations were made (visual scale ranging from 0 to 100, where 0 means a plant with no symptoms and 100 represents the death of the indicator plant). The plants were harvested to determine the dry matter of the shoot and put in an oven with forced air circulation at 70 o C to constant weight, and all samples were weighed on a precision electronic scale.
To interpret the results, the dry matter values were compared to the treatment without herbicide (zero dose), and subjected to statistical analysis, using the log-logistic nonlinear model (equation 1) proposed by Seefeldt et al. (1995) :
In this model, C and D correspond, respectively, to the maximum and minimum levels of the dose-response curve; b corresponds to the slope of the curve around C 50 ; e C 50 , to the dose-response for the reduction of 50% of dry matter of the indicator plant's shoot.
From the C 50 data obtained in soil and sand, equation 2 was used to express the sorption relation (RS) of the soil compared to the response obtained in sand for the indicator species (Souza, 1994 This percentage ratio was used to correct the calculations of fomesafen residues in the soil. For this purpose, the values of dry matter of the shoot were compared to those obtained from the dose-response curve of each soil.
RESULTS AND DISCUSSION
Intoxication caused by the application of fomesafen in the sorghum plants at 21 DAS is shown in Figure 1 (Figures 3 and 4) . This differential behavior of the herbicide in each substrate is attributed to interactions between the herbicide molecule and the sorbing sites, whether of organic matter or clay minerals. Thus, the physical and chemical characteristics of soils can cause differential retention of herbicides, which may cause their distinct availability in the soil solution, thus influencing the control of weeds and their leaching to deeper layers (Gerstl, 2000) .
According to Oliveira Jr. et al. (2001) , Brazilian soil properties which are more correlated with the sorption of basic, acidic and nonionic herbicides are pH and organic matter. In another study , Oliveira Jr. (2009) states that the sorption of herbicides of acidic character, such as fomesafen, is weaker when compared to that of basic and neutral products. When in contact with the soil, such herbicides may be adsorbed by electrostatic forces exerted of the active ingredient 25% m/v, which reduced accumulation of the dry matter of shoots of sorghum plants by 50% at 21 days after seeding (DAS), according to the substrate used, were: washed sand, 13.14 mL ha . The ratio of sorption in the substrates was calculated with equation 2, being: washed sand, 0; Cambisol, 1.44; Ultisol, 7.79; and Organosol, 38.96 . The decreasing ratio of fomesafen sorption in the soils was: Organosol > Ultisol > Cambisol.
Among various factors influencing the soil sorption of a herbicide of acidic character, such as fomesafen, the pH may be the most important (Oliveira et al. 2005; Guo et al. 2003) . Oliveira (2011) reports that the pH correlates inversely as K d , while the organic matter content correlates positively with this coefficient. The decrease of one unit on soil pH doubles the sorption of fomesafen. This herbicide, being separable, have the soil pH as an important factor in their behavior, since this will determine the ionic form that predominates in the soil solution (Oliveira Jr et al., 2009) . However, in this study, the pH factor was not as determining in the sorption of the herbicide. This fact can be explained by the different origins of the loads in the soils studied, that is, the greater or lesser dependence of these loads to the soil pH. It is believed that the higher sorption of Organosol over the other soils is due to the high content of organic matter present in it (Table 2) . In this soil, increasing the pH causes a slight variation of sorption forces, since most electrostatic forces responsible for fomesafen sorption are pH-independent.
On the other hand, the higher sorption of the Ultisol relative to the Cambisol may be related to its higher clay content (Table 1) and organic matter (Table 2) . Being a herbicide derived from a weak acid (Silva et al. 2007) , it was expected that fomesafen would be less sorbed in the Ultisol compared to the Cambisol ( Figures 3A and 4A) . However, the higher content of clay in the Ultisol may have favored this result, besides the higher organic matter content, overriding the effect of pH-dependent loads (Tables 1 and 2 ).
These results confirm those of Brusseau & Rao (1989 ), Blumhorst et al. (1990 and Dores & De-Lamonica-Freire (1999) , which emphasize that organic matter is the main material that makes many herbicides unavailable in the soil, which has seen sites that work in three-dimensional retention of ionic compounds. Guo et al. (2003) found an increase in the sorptive capacity of fomesafen with the increase of organic matter. Besides its herbicide sorption potential, organic matter is related to the activity of microorganisms, being more abundant in the surface layers of soil. Microorganisms act on the biodegradation processes of the herbicide molecules, and may use them both as substrates and for power supply (metabolism), or even, the microbial action can modify the chemical structure of the product without supplying energy for its growth and co-metabolism (Miller, 1996) .
Other studies done with PROTOX inhibitor herbicides show the importance of the soil's organic matter and clay on the sorption of these herbicides. For Passos (2011) , the sorption of sulfentrazone is related to organic matter and clay contents. Ferrell et al. (2005) reported that organic matter is the main parameter correlated to flumioxazin sorption. These herbicides show a different behavior with respect to soil pH. Fomesafen, derived from a weak acid, has pKa of 2.7 (Roberts & Adams, 2011). Herbicides with these characteristics are strongly influenced by soil pH. When the pKa is higher than the pH, the herbicide appears more adsorbed (molecular form); when pH is higher than pKa, the herbicide is less adsorbed (dissociated form). Sulfentrazone shows a pKa of 6.5 (Grey et al. 2000) and is derived from a weak base, being more adsorbed when the soil pH is lower than its pKa (dissociated form) and less adsorbed when the pH is higher than the pKa (molecular form). Flumioxazin is a nonionic herbicide (Oliveira et al. 1999) , that is, it is unable to dissociate, and therefore not influenced by the pH of the soil (Hatzios, 1998) .
We conclude that the levels of organic matter and clay in the soils are attributes of great importance in fomesafen sorption. This explains the higher values of fomesafen sorption obtained in the Organosol, which had the highest content of organic matter among the soils evaluated. Furthermore, even with higher pH, the Ultisol showed higher sorption relative to the Cambisol. The results evidence the importance of knowing the physical and chemical characteristics of the soil and their interaction with fomesafen, in order to place a recommendation to ensure better technical efficiency and lower environmental risk.
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